phosphomorphoridate and 14C-sugar-l -phosphate.1} They are also synthesized enzymatically from labelled glucosesphosphate,2* glucose-l-phosphate,3) glucose,4~7) and a glucose-fructose mixture8} by the use of partially purified UDP-glucose pyrophosphorylase preparations from yeast and bovine mammarytissue. An efficient method has been reported by one of the authors for the fermentative production of UDP-glucose9'10) and UDP-galactosen '12) from UMPand sugar with dried cells of yeast as the enzymesource in the presence of a high concentration of inorganic phosphate. The present paper describes a fermentative method for preparing UDP-14C-glucose and UDP-14C-galactose from UMPand 14C-hexose as substrates using dried cells of Torulopsis Candida IFO 0768, a potent strain for the production of UDP-glucose and UDP-galactose. 10'12) Uniformly labelled 14C-glucose (230 mCi/mmol) and 1-14C-galactose (50 mCi/mmol) were purchased from RCC Amersham, England. UMP and other nucleotides were commercial products. T. Candida was cultivated in a glucose-peptone-yeast extract mediumas reported previously.12) The yeast was grown at 28°C for 48hr on a reciprocal shaker (100 strokes per min) in 500 ml shakingflasks containing 150 ml of the medium. The inoculum was 5 ml of a 24 hr-culture in the same medium. reaction mixture to make a final volume of 1ml. The reaction was continued at 30°C with shaking with a sodalime-tube connected to the reaction tube to trap radioactive CO2evolved. After 3 hr incubation, the reaction was stopped by.heating the tube in a boiling water bath for 3 min followed by cooling immediately in ice. The cell debris was removed by centrifugation at 3,500 rpm for 10 min, and the precipitate was washed with 1 ml of water. The combined supernatant solution was placed on a column of Dowex 1 x2 (1 x25cm, chloride form). The column was washed with 10ml of0.0001 n HC1, and then nucleotides were eluted by gradient elution with 500 ml of 0.0001 n HC1 in the mixing chamber and 300ml of0.01 n HC1-0.1 m CaCl2 in the reservior. Ten ml per tube was collected and 0.1 ml from each tube was added to 5ml of scintillator (Univer-Gel) and counted in a Packard TriCarb 300C liquid scintillation counter. Figure 1 Fraction number (10ml/tube) Fig. 1 . Separation of UDP-14C-Glucose by Column Chromatography with Dowex 1 x 2, Chloride Form. Nucleotides were eluted by gradient elution with a HCl-CaCl2 system as described in the text. Nucleotides were identified by paper chromatography with 95% ethanol-1 m ammonium acetate (7.5 : 3, pH 7.5) and isobutyric acid-0.5 m ammonium hydroxide (5 : 3) as developing solvents. 1, not determined; 2, AMP; 3, UMP; 4, ADP; 5, ATP; 6, UDP-glucose; 7, UDP; 8, UTP.
-à"-, absorbance at 260nm; -O-, radioactivity; , CaCl2. The reaction system was described in the text. UDPglucose was determined enzymatically with UDP-glucose dehydrogenase.9) UDP-galactose was determined by subtracting the amounts of UDP-glucose determined by the enzymeassay from the total amounts of UDP-glucoseand UDP-galactose determined by paper chromatography.n) Radioactivity of UDP-galactose was measured by radioautography after separating it from UDP-glucose by paper chromatography with a solvent of ethanol-methylethylketone-0.5 M morpholinium tetraborate (7 : 2 : 3).13) chromatography with 95%ethanol-1 m ammoniumacetate (7.5 : 3, pH 7.5) as a developing solvent showed that the final product was coincident with authentic UDPglucose. Two-dimensional thin-layer chromatography on a PEI-cellulose plate with 0.25 m LiCl and 2 n formic acid-0.5m LiCl (1 : 1) gave a single UV-absorbing spot having the same mobility as authentic UDP-glucose. The chromatogram showed only one radioactive spot which was coincident with the spot of UDP-glucose. UDP-14C-galactose was prepared from a reaction mixture containing 100 fimol of potassium phosphate buffer, glucose, and lOOmg of dried cells of T. Candida in a total volume of 1 ml. The reaction was carried out at 30°C for 27hr with shaking in a test tube connected to a tube of sodalime as described above. The time course of UDPgalactose formation under the reaction condition described above is shown in Fig. 2 . Non-labelled UDPglucose which was accumulated in the early stage of the reaction gradually decreased in parallel with the appearance of radioactive UDP-galactose. Finally, only UDP-14C-galactose was found in the reaction solution, as was observed in the previous work.12) After 27hr incubation, the reaction was stopped by heating the tube in a boiling water bath for 3 min followed by cooling immediately. The reaction mixture was centrifuged at 3,500 rpm for 10 min, and the supernatant solution was applied to a column of Dowex 1 x2 (1 x 25 cm, chloride form). Nucleotides were eluted by gradient elution with HCl-CaCl2 as for the elution of labelled UDP-glucose. UDP-14C-galactose was eluted with the same concentration of HCl-CaCl2as for the elution of UDP-glucose shown in Fig. 1 . The combined fraction (tube No. 46 to 61) which contained 12.2 /miol of UDP-14C-galactose (1.3 /*Ci//miol) was treated with 600mg of active charcoal and washed with 0.01 m EDTA, pH 7.5, and then adsorbed nucleotide was eluted with ammoniacal methanol. The eluate was evaporated to dryness at 40°C under reduced pressure. Finally, 10.2 /miol of UDP-14C-galactose was obtained in a molar yield of40.8% based on UMPadded. The specific activity was 1.14 /uCi/fimol and 30% of the radioactivity was recovered against labelled galactose used. The final product gave a single UVabsorbing and radioactive spot having the same Rfvalue as authentic UDP-galactose on paper chromatography with solvents of 95% ethanol-1 m ammoniumacetate (7.5 : 3, pH 7.5) and ethanol-methylethylketone-0.5M morpholinium tetraborate (7 : 2 : 3).13) No UDP-glucose contaminated the product as judged by paper chromatography with the latter solvent as well as by thin-layer chromatography on a ECTEORA-cellulose plate developed with 95% ethanol-1 m ammoniumtetraborate (3 : 2, pH 9.0).14) The purity of the product was 98% as determined with the UDP-glucose dehydrogenase-UDPgalactose-4-epimerase system.1 1}
